A novel Gram-stain-positive actinobacterium, designated HT7-17 T , was isolated from a sediment sample collected from the estuary of the Tama River, Japan, and its taxonomic position was investigated using a polyphasic approach. Phylogenetic analysis based on 16S rRNA gene sequence comparisons revealed that strain HT7-17 T was closely related to members of the genus Lysinimicrobium, with a similarity range of 97.1-98.2 %. The peptidoglycan type of strain HT7-17 T was A4a, the predominant menaquinone was demethylmenaquinone DMK-9(H 4 ) and the major fatty acids were anteiso-C 15 : 0 , C 16 : 0 and iso-C 16 : 0 . The DNA G+C content was 69.9 mol%. These chemotaxonomic features corresponded to those of the genus Lysinimicrobium. Meanwhile, the differences in some phenotypic characteristics, along with the result of DNA-DNA hybridization, indicated that strain HT7-17 T should be distinguished from the recognized species of the genus Lysinimicrobium. Therefore, strain HT7-17 T represents a novel species of the genus Lysinimicrobium, for which the name Lysinimicrobium sediminis sp. nov. is proposed. The type strain is HT7-17 T (=NBRC 112286 T =TBRC 7037 T ).
Lysinimicrobium sediminis sp. nov. is proposed. The type strain is HT7-17 T (=NBRC 112286 T =TBRC 7037 T ).
The genus Lysinimicrobium was proposed by Hamada et al. [1] with a single species, Lysinimicrobium mangrovi, as a member of the family Demequinaceae. Recently, nine species were added to the genus [2] , namely, Lysinimicrobium aestuarii, Lysinimicrobium flavum, Lysinimicrobium gelatinilyticum, Lysinimicrobium iriomotense, Lysinimicrobium luteum, Lysinimicrobium pelophilum, Lysinimicrobium rhizosphaerae, Lysinimicrobium soli and Lysinimicrobium subtropicum. So far, all strains of the genus Lysinimicrobium have been isolated from various samples collected from mangrove forests on Iriomote Island, Okinawa, Japan [1, 2] . The members of the genus have peptidoglycan type A4a [3] with an L-serine residue at position 1 of the peptide subunit. The predominant menaquinone is demethylmenaquinone DMK-9(H 4 ) and the main fatty acid is anteiso-C 15 : 0 . During the course of a study on the isolation and diversity of bacteria from sediments in Tokyo Bay, Japan, a novel actinobacterial strain was isolated. Comparative 16S rRNA gene sequence analysis revealed that the isolate, which was designated strain HT7-17 T , was phylogenetically related to the members of the genus Lysinimicrobium. The objective of this study was to clarify the taxonomic position of the isolate using a polyphasic approach.
Strain HT7-17
T was isolated from a sediment sample that had been collected from the estuary of the Tama River at a depth of 4.1 m located in Tokyo Bay, Japan. Approximately 1 g of the sample was diluted 10-and 100-fold with artificial seawater (Nihon Pharmaceutical) before 0. NaCl was used as the basal medium for this study. Biomass for chemotaxonomic and molecular systematic studies, except for fatty acid analysis, was obtained by cultivating the strain in shake flasks at 28 C and 100 r.p.m. for 48 h. Biomass grown on trypticase soy agar (Difco) for 24 h at 28 C was used for cellular fatty acid analysis.
Colony appearance was examined after cultivation at 28 C for 5 days on an agar plate of NBRC medium 802 supplemented with 3.0 % (w/v) NaCl. Morphological features were C). The pH range for initial growth was established by using a liquid NBRC medium 802 supplemented with 3.0 % (w/v) NaCl adjusted to pH 4-11 (in 1.0 pH unit intervals) with either 4 M HCl or 5 M KOH. Tolerance to NaCl was tested using a liquid NBRC medium 802 adjusted to 0, 1, 3, 5, 7, 10 and 15 % (w/v) NaCl. The ranges of pH and NaCl for growth were determined by measuring the turbidity (610 nm) of 5 ml of the cultures in test tubes after 1-4 days of incubation at 28 C. Gram-staining, cell motility, oxidase and catalase activities, and anaerobic growth were determined using the methods described by Hamada et al. [4] . Other physiological and biochemical tests were performed using API ZYM, API Coryne and API 50 CH systems (bioM erieux) according to the manufacturer's instructions.
T formed pale yellow, circular, transparent and smooth colonies that were approximately 0.5-1.0 mm in diameter after 5 days cultivation. The cells of the strain were short rod-shaped (0.3-0.4Â0.8-1.5 µm), Gram-stainpositive, non-motile and non-endospore-forming. The cells in older cultures tended to be shorter. The strain was catalase-and oxidase-positive. Growth occurred at 10-37 C and no growth was observed at 5 or 45 C. The pH range for growth was 7.0-10.0. Optimal growth was noted at 28 C and pH 8.0. The strain exhibited good growth with NaCl concentrations of 1-5 % (w/v) and weak growth with 0 or 7 % (w/v) NaCl; no growth was observed with 10 or 15 % (w/v) NaCl. Growth under anaerobic conditions was not observed. The results of other physiological and biochemical analyses are summarized in the species description and Table 1 .
Isolation of genomic DNA and 16S rRNA gene sequencing of strain HT7-17 T were performed as described previously [4] . Phylogenetic neighbours were identified and pairwise 16S rRNA gene sequence similarities were calculated using EzBioCloud [5] (www.ezbiocloud.net/identify). The CLUSTAL_X program [6] was used to align the almostcomplete 16S rRNA gene sequence of strain HT7-17 T (1478 nt) with corresponding sequences of members of the family Demequinaceae. Phylogenetic trees were reconstructed by the neighbour-joining [7] , maximum-likelihood [8] and maximum-parsimony [9] algorithms using the MEGA 6.0 program [10] . The resultant tree topologies were evaluated by bootstrap analysis [11] based on 1000 replicates.
Phylogenetic analysis based on the 16S rRNA gene sequences revealed that strain HT7-17 T fell within the cluster of the genus Lysinimicrobium (Fig. 1) . The highest 16S rRNA gene sequence similarity was observed with L. luteum HI12-123 T (98.2 %), followed by L. soli HI12-122 T (98.0 %). Meanwhile, the strain showed less than 98.0 % 16S rRNA gene sequence similarity with the other members of the genus Lysinimicrobium.
Amino acids and the isomers in cell-wall hydrolysates, cellwall sugars, isoprenoid quinones and the DNA G+C content were determined according to the methods described by Hamada et al. [4] . Polar lipids were extracted from 100 mg freeze-dried cells, purified using the method described by Minnikin et al. [12] and analysed by thin-layer chromatography using chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/acetic acid/methanol/ water (80 : 18 : 12 : 5, by vol.) in the second. Cellular fatty acid methyl esters were analysed by gas chromatography (6890N; Agilent Technologies) according to the standard protocol of the Sherlock Microbial Identification System [13] with the Sherlock MIDI software (version 6.2) and the TSBA6 database.
The peptidoglycan sample of strain HT7-17 T contained alanine (Ala), glutamic acid (Glu), serine (Ser) and lysine (Lys) in a molar ratio of 0.9 : 2.0 : 1.0 : 0.6. Enantiomeric analysis of the peptidoglycan amino acids revealed the presence of D-Ala, D-Glu, L-Ser and L-Lys; however, L-Ala was absent. These data suggested that the peptidoglycan type of strain HT7-17
T was A4a, with lysine as the diagnostic cellwall diamino acid, an interpeptide bridge comprising DGlu, A11.33 [3, 14] , and an L-Ser residue at position 1 of the peptide subunit. This peptidoglycan is within the varieties of the genus Lysinimicrobium. Only galactose was detected as a cell-wall sugar. Isoprenoid quinone analysis using liquid chromatography-mass spectrometry revealed Temperature range for growth ( C) 10-37 5-37 5-37 pH range for growth 7-10 6-10 5-9
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that the predominant menaquinone was demetylmenaquinone DMK-9(H 4 ) (88 %); DMK-9(H 6 ) (8 %) and DMK-8 (H 4 ) (4 %) were also detected as minor components. The major cellular fatty acids of strain HT7-17 T were anteiso-C 15 : 0 (55.8 %), C 16 : 0 (11.4 %) and iso-C 16 : 0 (10.6 %). Although the profile was found to be qualitatively similar to those of the closest relatives, some quantitative differences were found ( Table 2 ). The detected polar lipids were diphosphatidylglycerol, phosphatidylinositol, two phosphatidylinositol mannosides, an unidentified phospholipid and two unidentified lipids (Fig. S1 , available in the online Supplementary Material). The DNA G+C content of strain HT7-17 T was 69.9 mol%.
The microplate hybridization method developed by Ezaki et al. [15] was used to determine DNA-DNA relatedness. DNA-DNA hybridizations were performed using five replications. After the highest and lowest values for each sample were excluded, the mean of the remaining three values was reported as the DNA-DNA relatedness value. T (accession no. X83799) was used as the outgroup. Bootstrap values (>70 %) based on 1000 replicates are shown at branch nodes. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and maximum-parsimony algorithms. Bar, 0.01 K nuc substitutions per nucleotide position.
cut-off point of DNA-DNA relatedness, which is a criterion for the assignment of bacterial strains to the same species [16] .
The result of the phylogenetic analysis based on the 16S rRNA gene sequences suggested that strain HT7-17 T belonged to the genus Lysinimicrobium, and its chemotaxonomic characteristics also corresponded to those of the genus. Meanwhile, the DNA-DNA relatedness values between strain HT7-17 T and the closest phylogenetic relatives, namely L. luteum NBRC 109395 T and L. soli NBRC 109394 T , were low, and strain HT7-17 T differed from the closest type strains in the following characteristics: the presence of acid phosphatase; the absence of esterase (C4), esterase lipase (C8), a-galactosidase and b-galactosidase; no hydrolysis of gelatin; acid production from glycogen, methyl a-D-glucopyranoside, starch, sucrose, trehalose and turanose; and no acid production from melibiose and L-rhamnose (Table 1) . Based on the phylogenetic and phenotypic data mentioned above, it is proposed that strain HT7-17 T represents a novel species of the genus Lysinimicrobium, with the name Lysinimicrobium sediminis sp. nov.
DESCRIPTION OF LYSINIMICROBIUM SEDIMINIS SP. NOV.
Lysinimicrobium sediminis (se.di¢mi.nis. L. gen. n. sediminis of sediment). The type strain, HT7-17 T (=NBRC 112286 T =TBRC 7037 T ), was isolated from a sediment sample collected from the estuary of the Tama River in Tokyo Bay, Japan. The DNA G+C content of the type strain is 69.9 mol%.
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